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Sir: 

REQUEST FOR CORRECTED PATENT APPLICATION PUBLICATION UNDER 37 

C.F.R.§1.221fb> 

\ 

On August 1, 2002, the U.S. Patent and Trademark Office published this 
application as Publication Number US 2002/0102566 A1. The published application 
contains mistakes that are the fault of the Office and are, in Applicants' view, material. 
Attached hereto is a copy of the relevant pages of the originally filed application and a 
marked-up copy of the corresponding pages of the published application containing the 
mistakes. 

A mistake is material when it affects the public's ability to appreciate the technical 
disclosure of the patent application publication or determine the scope of the provisional 
rights that Applicants may seek to enforce upon issuance of a patent. See 37 C.F.R. § 
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1 .221 (b). The mistakes listed below may affect the public's ability to appreciate the 
technical disclosure of the patent application publication or to determine the scope of 
the provisional rights. 

The mistakes, which are indicated in red ink on the relevant pages of the 
marked-up copy of the published application attached hereto, are listed below with their 
corrections. 

In Figure 5, portions of the panels depicting the invention are missing. Please 
refer to the copies of the Figures provided. 

In Figure 7, [SEQ ID NO: 1] should be indicated after the sequence provided. 

In Figure 8, [SEQ ID NO: 2] should be indicated after sequence provided. 

In Figure 9, the first base, T, is cut off. In addition, [SEQ ID NO: 3] should be 
indicated after the sequence provided. 

In Figure 10, the sequence should be labeled as "human" not "numan." In 
addition, [SEQ ID NO: 4] should be indicated after sequence provided. 

On line 3 of paragraph [0004], the term laevis" should written instead of 
"laevish." 

On line 7 of paragraph [01 33] the term "Nap1 IL2/NAP1 L2" instead of "Nap1 L2/ 
NAP1L2." 

On page 15, SEQ ID NO: 6 should be moved to the end of claim 45 on page 18. 
In addition, certain nucleotides in SEQ ID NO: 6 should be corrected, as follows: 



FINN ECAN 
HENDERSON 
F A R A B O W 
CAR R ETT& 
DUNNER llp 



Nucleotide 43 on line 10. should be a ,l c" instead of a "g"; 
Nucleotide 17 on line 18. should be a "g" instead of an "a"; 
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Nucleotide 17 on line 25. should be a "G" instead of a "C"; 
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should be a "G" instead of a "C"; 



Nucleotide 44 on line 26, 



Nucleotide 50 on line 36. 



should be a "G" instead of a "C"; 



Nucleotide 76 on line 37. 



should be a "g" instead of a "c"; 



Each of these mistakes are clearly material as they impede the public's ability to 
appreciate the technical disclosure of the patent application publication. For at least this 
reason, the mistakes should be corrected. 

Applicants request that the Office correct the above-identified mistakes in the 
published application, which are the fault of the Office. Further, Applicants request that 
the Office forward to Applicants a copy of the corrected published application or at least 
a notification of the occurrence or predicted occurrence of the corrected publication 
once it has been corrected. 

Applicants believe that no Petition or fee is due in connection with this Request; 
however, if any Petition or fee is due, please grant the Petition and charge the fee to our 
Deposit Account No. 06-0916. 



Respectfully submitted, 



FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 



Dated: September 30, 2002 




Kenneth J. M^y£rs 
Reg. No. 25,146 
Phone: (202) 408-4000 
Fax: (202) 408-4400 
E-mail: Ken.Meyers@finnegan.com 
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FIG. 7 




Sequence clone Bpx promoter murin Spel-Sall fragment 
ACTAGTCATATAGCTGGCTCTTTTACAAAAGGCTTCAACACCrrTrrrrr 
rrcCATTTAAAATCACACAGGTTGTGAAAATTACAGAAACCAGGGTA 

^CCTCCTCTCTTTCCCAGAGCCTCAGGTTATAAC^^ 
^GACAATCCAGTACCITGC^^ 

^GATACTGCAmCTGCAAMTTC^^ 
J ™^^ mGACTCATCTACTMmACT ^CTCAGGAT7TGTC 



^CTCTAGCCTGTTCCT^ 

KIt^ gtggm ^^^ 

GAATCTCJGGAACKKMGATOTGlTGAAATTrrGAnCATC^ 
P™GCTCAGGAmGTCAATCACTG^^ 
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.CGTACrrACATAATTCCAAGATCAGTGTTATITTTCTCAGGAGATGCACT 
TGAATCTCAGCAGGAGGGTGTAGTTAGGGAAGTTAATGACGAAATATAT 
pACAAAATTATTTATGATGATTGGATGGCTGCAATTGAAGAGGTTAAAG 
CCTGTTGCAAAAATCTTGAGGCATrAGTAGAAGATATTGATCGTTAAAAC 
AGAGTAGATGCTTTTGAAACTAACTGCTCTACATGCAGTTACTGAAGACA 
uAAGCAGTTAATATTGTCTTGTGTTCTGCATITTTTCCTGTCATGCCAGTT 
^AAAAATTCAAATACTAATTAATCTGACCTTGCATTGTAGTGGTATGATG 
pTTCAAGACATGTAGACTGTGATAAATGATTAAGACATTAATAGTCTGT 
^GTATAACCCTTCTGAAGTCCTTGTGCCATGTATCTATTAATCTGTGGCT 
pTGAATATTATTAGAAGTGCTAAATGAGATTATTTGTTTGCAAAGAAAAT 
^TTGGAAACCTACCTAAGAGTGCTTTGCTATITrCCCCCTrATCCTCTTAG 
ffGCTITGGCCAATTGACTTTATTGTGCCTGCTTCATTTTGCAGTAAATATG 
pAGTAGAATTTAAAACTTGAATGCCTAAGAGGCCTGCATATGATTGAGA 
MTTCAGGCAAAATCATATTTATTArrGATAACAGCTAGTGCAAGGCTTC 
'GATTGTATGTGACTGTGATAAATAATAAAACTCAATTGTATTGAAGTTA 
TGTTTATCATrGACATGTGAGTTACAGTATTTTCAAATGTTGCAAATATT 
TCCTGTGTAATTGTGTAAACTGTGATTACAGTGTACAnTITITCATAAT 
.TACTGAATCAlTCATTGAAATGGACACnTACCATTTCTGAAAATACAT 
■"CATATTCTGTTCATTCACTGAAAAATAAAATGAATAAAAATTT 



E 

uTi 
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pPX human cDNA identicaJ to genomic DNA 

iTTAGAGAGCCTGGGAAGGTGAGcAGAGcTGAAAACTTGATAGATCTA 
TMTTtACTGGCTCTGGGTTTGTCAGTCACTACATTGCAGCAAATGAGA 
TAGAGCATAGTTGTGGGAGGGAAGGAGGTGACGCAGCAATCTATTTGC 
CC1AGAAATTTTAGGCAAGTGATAGCTGCGTAATCATACTGCGGCACC 
mm iCTTGCAGCAGTAGCTGCTTGCGGAGGAGGTCTGCCCACTGCA 
TCTCTGCAGTCTCCGGCTCTCTCCTGCAGGATCGGTCAACGCAGCCGT 
pGCCGCCCTCTGCACCCAGCCCAGGTCGCCACTGCTTCAGTCCGGTTCTC 
AAAGCCTCAGCACCATCTTTTATCCCCGAGCAGCCTGGATCGTCGrrCCC ' 
TGAGTCCGGACGCCACTGCTAGGTCCGACCACCGCCGCTTCTGATATTTC 
GGTGAGTCTTTTCCTGTGGAGGTTTGGTCTCCCGATCTCTGTGGTAGCCA 
f S^ GGCGTGTAC ^C^AAAAATGGCCGAGTCAGAGAACCGCA 
AGGAGCTGTCAGAATCCAGTCAAGAAGAGGCTGGTAATCAGATAATGGT 
GGAAGGGCTCGGGGAACATCTGGAGCGCGGTGAAGATGCCGCTGCTGG 
GCTTGGAGACGATGGGAAGTGCGGTGAAGAAGCTGCCGCTGGGC1TGG 
GGAAGAAGGGGAAAACGGTGAAGATACTGCTGCTGGGTCCGGGGAAGA 

^iS mAGATACAGACmGTO ^ GT CTACCTGTGAMGlTM 
^ A £ GG J GTGmGCCC ™AA^^ 

;^ TACC ^F G ™^^ 

ES2 A F ATGCTGTGGAAGAGGAGG A«}AGGAGGAGGAGGAGGACGA 
impPT ^^^^^^^^^^^^^^ 



FIG. 9 copt. 



jTGGCGAGCCCCTCAGTTTCACACTAGAATTTCACTTCAAACCCAATGAAT 

ATTrCAAAAATGaGTTGTTGACAAAGACCTATGTGCTGAAGTCAAAGCTA 

bCATATTATGATCCCCATCCCTATAGGGGAACTGCGATTGAGTATTCCAC 

kGGCTGTGAGATAGATTGGMTGAAGGAAAGAATGTCACTTTGAAAACC 

ATCAAGAAGAAACAGAAACATCGGATCTGGGGAACAATCCGAACTGTAA 

CTGAAGATITTCCCAAGGATTCATTITrCAArnTnCTCTCCTCAT 

TCACCTCAAATGGAAGGGATGGAMTGATGATTTTTTACTTGGTCACAAT 

irTACGTACTTACATAATTCCMGATCAGTATTATTITTCTCAGGTGATGCA 

hTGGAATCTCAGCAGGAGGGGGTAGTTAGAGAAGTTAATGATGCAATTT 

ATGACAAMTTATITATGATAATTGGATGGCTGCAATTGAGGMGTTAAA 

jK3TTGTTGCAAAAACCTTGAGGCATTAGTAGAAGACATTGATCGTTAGA 

GCAGAGTATACATGGCCCTGAAATTAACTgCCCTAGATATAGTTACTCAA 

GGTATMGAAgCCrrGTGTTCTGTArmgCmGTAGTGTTAGTTAAAAC 

ATATGmCAAAMTATAAGAAAAGTTCAAAMCTAArrAATTTG ACCTT 

GAGTTITAGTAGTAGAATGTTrrCAAGAAATGTACACTGTGGTAAATGAT 

tTAAAACACTAGTATAGTGTTGTGTAGCTTAATCCTTCTGMGTCTTITrG 

^CATGTAGCTATTAATCTGTGGCTATGAAATGATCAGAAATGCTAAGTGA 

GATCAATATITGTTTGGAAAAAAAATCTTGGGAAACM 

CGCTGTTGTTGriTnCTTrrrCTATTT^ 

TGGATITAATTTTGTTGTGCCTGCTTCATTrrGCAATAACAA^ 

^TITAAAACTTGGATGCTTAAGAGGCCTGCATATAGATAAGAATTTCAG 

GCAAAACTACATTTATTGTTAATAACAGC 

TATGTAACTGTGATAAATAATGAAAACTTAGTTATATTGAGGTTATTGTT 

TGTCGGTGAAGTGTrAGTCACAGTATTTTCAAAAGTTTGCACATATTGTT 

CTGTGTAATTGTGTAAGCCATAATTACAGTGT^ 

ACATCATTCATTGAAAGTGATCACTITACCATTTTGAAAAGATATTTCGT 

GTTCTTTCACTGCAAAATAAAMGAATAAAAATTTCAGAGTGTCTCATGG 

'AATTCC 
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FIG. 10 




y&aBPXS' regi a 



kcTTAAAGGAAAAATTTATCTATAAACTGACAGAATTTAGAAATAAATA 

bAACAATATGTAAACAGTTTTAATATCTGTGATAGTAACAAATTCTTTAA 

ATCTGGAAAATAATAGTCACTTAAAATITTAAAAAATTGTTCAATTAATA 

kATGATCCAAGlTAGAAATATGAACAAAATAAACCTCACCAATAATTAC 

trATAGAGAGGAAATTTTAATTACTGCAAAGCTTTCCATCCTATAAATACA 

llTATCAAATAGTTTAACCATrTCTTrMTGCTGAGATTTAGATTATTTCCA 

ATTAACTCAAAAGCATCAAGCAAATGTTATGATTTCTAAGAATAAACATA 

kCTTrCCATmGGCTmGTATATATGTATATTTCTAACGGCTGTTAAAG 

CCAGCATTAAGAAGGAGAAGCAGAAAGTCAGTATTGGGACTGGGGTTAT 

pATAAGCCAGGGAACTGGTTAATTGTGGTTAATTGTCTGGTATGTTTAC 

jTAGTCACGTAGTrGTATACACCATACTAGTITTTCATCACAGGCCCTCAT 

fCGCCCC CACTG CCATCGGACTTCCTCCTCCTCCCCTCACAGGAAATGTT 

JrCGAGAATTnTCAACCTAAAATCATATAGCTrGTGAAAAATACCGACAA 

j^CATAATATAGAATATTTAAATAACTGACACGCCACCTAAAGACCATCA 

GTGCTAATTCCTGGTGTTTTTAATCTTTGAAGCGTTTGTTTATCAGCTCTT 

:CACCATCCACCTCTCCCCTCCCCAGGTCCCCGATCTAAAATCAAAGAG 

ATTGATTrAGGATGGGTGGGTGCCTTGTCTTCTCTCATTGTTCGACATTTT 

AGTTACGTnTCTCTGAGCTCTCTGGAAAGCATAAAAGTATAATATCTGT 

jrAAAAGTTGGATGAATGAACTAATGAACGCAATGGGATTCCAGAAAACT 

CTGCGGGAGATGGGCTAGAGGACGAGGAGGAGGTGGATGAATCAGCCA 

I'GTTAGAGAGCCTGGGAAGGTGAGCAGAGTTGAAAACTrGATAG 

ATCTAATAAnTACTGGCTCTGGGTTTGTCAGTCACTACAlTGCAGCAAA 

JGAGATTAGAGCATAGTTGTGGGAGGGAAGGAGGTGACGCAGCAATCTA 

pTGC ACCTAGA AATTTTAGGCAAGTGATAGCTGCGTAATCATACTGCGG 

^CCGTTTTnTCTTGCAGCAGTAGCTGCTTGCGGAGGAGGTCTGCCCAC 

TGCAGCTCTCTGCAGTCTCCGGCTCTCTCCTGCAGGATCGGTCAACGCAG 

CCGTCGCCGCCCTCTGCACCCAGCCCAGGTCGCCACTGCTTCAGTCCGGT 

JCTCAAAGCCTCAGCACCATCTTTTATCCCCGAGCAGCCTGGATCGTCGT 

TCCCTCAGTCCGGACGCCACTGCTAGGTCCGACCACCGCCGCTTCTGATA 

TITCGGTGAGTCTrnCCTGTGGAGGnTGGTCTCCCGATCTCTGTGGTA 

GCCACCTTAGGCGTGTACGGTCCTTTGAAAA 
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genes 5 , genes encoding cell adhesion molecules like cadherins 6 , 
and genes affecting neural cell division, such as p53 and Nfl 1 , 
have all been implicated in the process of neurulation. 

One family of genes, which has been implicated in the 
control of mitotic events 8 ' 9 , is the NAP-1 family. The NAP-1 
protein was first identified in Xenopus^l^vis^ 0 and homologous 
proteins subsequently isolated from drosophila 11 , yeast 12 and 
man 9 . NAP-1 and NAP-1 like proteins have been shown to 
transfer nucleosome units to naked DNA 10 , to stimulate 
transcription factor binding to nucleosomal DNA 13 , and to act 
as core histone shuttle implicated in the transport histones 
from the cytoplasm to the nucleus 14 . Control of mitotic events 
may depend on the role of NAP-1 and NAP-1 like proteins in 
chromatin assembly and remodeling or more directly through 
their binding to cyclins, which is mediated by a domain also 
found in the tumor associated SET proteins 15 . 

The recently isolated murine X-linked Napll2 (Bpx) and 
its human homologue NAP1L2 (BPX) have a highly restricted 
pattern of expression, being expressed exclusively in the 
nervous system 16 . In this respect, NAP1L2 and the X-linked 
brain-specific NAP1L3 11 differ from the ubiquitously expressed 
NAP1L1 and NAP1L4 genes. The limited expression pattern of 
these genes suggests a particular and specialized function, 
possibly through an effect on nucleosome assembly or cell 
cycle regulation, specific to neural function. 



Gene targeting techniques can be used to introduce 
therapeutic polynucleotides, e.g. naturally occurring 
unmutated, Napll2 and NAP1L2 genes, into a host cell 
containing a mutated Napll2 or NAP1L2 gene. One of the 
preferred targeting techniques according to the present 
invention consists of a process for specific replacement, such 
as the DNA targeting technique described in PCT patent 
application N° WO 90/11354 (Institut Pasteur), incorporated 
herein by reference. Such a DNA targeting process makes it 
possible to insert the therapeutic nucleotide according to the 
invention behind an endogenous promoter, which has the desired 
functions (for example, specificity of expression in the 
selected target animal or embryo) . 

Absence of NAP1L2 protein (especially due to mutations of 
the corresponding genes or of their promoters) leads to 
overproduction of neural cells; expression of NAP1L2 or 
subfragments or derivatives in cells (neural/tumors/others) 
can prevent further proliferation and then can be used as a 
therapy. On the contrary, modification of ^apllL^/NAPlL2 
expression {especially due to mutations of these genes or 
inefficiency of -their promoters) leads to over production of 
neural cells and thereby allow regeneration or survival of 
neurons and therefore use as a therapy. 
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(SEQ ID NO. 6) 

Genomic sequence BPX human 



.^-^^^^^(.^aaccaacacraatr-acaaacaaacacaecaBcatgcaaacagccrraatatcccco 
T-alaaatacgaacaaaacaaacctcaccaacaatcactatagagagg 

s'aaacgttatgatttctaagaataaacataactttccatttrggctttcgtatatatgtatacttctaacggctg^aaag 
e'ccagcatcaagaaggagaagcagaaagtcagtac^gggactggggttatctiataagccaggcaaccggtcaactgtggtt 
7'aatcgtctggtatgtttactagtcacgcagccgtatacaccataccagtctttcatcacaggccctcatccgcccccact 
s' gccatcggacttcctccLcctccccccacaggaaatgtcccgagaatctttcaacccaaaatcacacagctcgtgaaaaa 
5 taccgacaaacataatatagaatatttaaataactgacacgccacctaaagaccatcagrgccaatccccggtgtitcta 
10 acctttgaaocgtttgtttatcagctcccceaccatccacc^tcccctccccaggtccccgatctaaaatcaaagagat 
r .igattcaggatgggcgggtgccctgtcttctctcactgttcgacatzttagttacgtttccrccgagctctcrggaaagc 
iiiltaaaagtataatatctgttaaaagt-ggatgaatgaactaatgaacgcaatgggattccagaaaactctgcgggagatg 
13.ggccagaggacgaggaggaggtggatgaaccagccatgtcagagagcccgggaaggtgagcagagttgaaaactcgacag 
14!atctaataattcactggctctgggtttgtcagtcactacattgcagcaaatgagattagaciecagttgtgggagggaag 

15. g«ggtgacgcagcaatctatttgcacctagaaatt=taggcaagcgatagctgcgtaatcataccgcggcaccgttttct 

16. tctcgcagcagtagctgcztgcggaggaggtctgcccactgcagctctctgcagtctccggctctctcctgcaggazcgg 

17. tcaacgcagccgtcgccgccctctgcacccagcccaggtcgccactgcttcagtccggctctcaaagcctcagcaccazc 

18. ttttatccccgagcagcccggatcgtcgtcccctcagcccggacgccactgccaggtccgaccaccgccg^cccrgatai 

19 . ttcggtgagcctLttcctgtggacgtttggtctcccgaccticcgtggtagccaccttaggcgcgcacggtccctwgaaaa 
2 0 . ATG5CCGAGTCAGAGAACCGCAAGGAGCTGTCAGAATCCAGTCAAGAAGAGGCTGGTAATCAGATAATGGTGGAAGGGCT 

2 1 . CGGGGAACATCTGGAGCGCGGTGAAGATGCCGCTGCTGGGCTTGGAGACGATGGGAAGTGCGGTGAAGAAGCTGCCGCTG 

22 . GGCTTGGGGAAGAAGGGGAAAACGGTGAAGATACTGCTGCTGGGTCCGGGGAAGATGGGAAAAAAGGTGGCGATACTGAT 
2 3 . GAGGACTCAGAGGCAGACCGTCCAAAAGGACTTATCGGTTATGTTTTAGATACAGACTTTGTTGAAAGTCTACCTGTGAA 
2 4 . AGTTAAGTACCGTGTGTTAGCCCTTAAAAAGCTTCAAACTAGAGCGGCCAATT'rAG^TCCAAATTCCTGAGGGAP.TTTC 
2 5 . ATGACATTGAJlAGAA^TrTGCTGAAATGra^ 

2 6 . CCTACAGAAGAGGAATCTGAATATAAATCAGACTCTGAGGAC*^GATGATGAGGAAATGTCTCyVrGAAGAGATGTATGG 
2 7 . TAATGAGGAGGGTATGGTACATGAATATC-TGGATGAGGACGATGGTTATGAGGACTATTATTATGATTATGCTGTGGAAG 
2 S . AGGAGGAGGAGGAGGAGGAGGAGGACGACATTGAGGGTACTGGAGAAGAGAATAAAGAAGAGGAGGATCCTAAGGGAATT 

2 9 . CCTGATTTTTGGCTAACTGTTTTAAAAAACGTTGATACACTCACT^ 

3 0 . GCTCCTGACAGATATTAAAGTTAAGCTTTCAGATCCTGGCGAGCCCCTCAGTTTCAC AC7AGAATTTCACTTCAAACCCA 
3 1 . ATGAATATTTC AAAAATGaGTTGTTGACAAAGACCTATGTGCTGAAGTCAAAGCTAGCATATTATGATCCCCATCCCTAT 

2 2 . AGGGGAACTGrGATTGAGTATTCCACAGGCTGTGAGATAGATTGGAATGAAGGAAAGAATGTCACTTTGAAA-ACCATCAA 

3 3 . GAAGAAACAGAJ^ACATCGGATCTGGGGAACAATCCGAACTGTAACTGAAGATTTTCCCAAGG ATTCATTTTTCAATTTTT 
3 4 . TCTCTCCTCATGGAATCACCTCAAATGGAAGGGATGGAAATGATGArrTTTTACT'rGG: : CACAATTTACGTACTTACATA 

2 5 . ATTCCAAGATCAGTATTA.TTTTTCTCAGGTGATGCACTGGAA7CTCAGCAGGAGGGGGTAGTTAGAGAAGTTAATGATGC 

3 6 . AATTTATGACAAAAl^ATTTATGATAATTGGATGGCTGCAATT^ 

37 . TAGTAGAAGACATTGATCGTTAGAGCagagtatacazggccctgaaarcaacrgccccagatacagutacccaag^Staca 

38 . agaagccctgtgttctgtactztgctctgtagTigttagttaaaacatacgctccaaaaatacaagaaaagtteaaaaact 

39 .aattaatctgaccttgagttttagtagtagaatgttrtcaagaaatgcacaccgcggtaaacgatttaaaacactagtat 

40 .agcgttgtgt:agcttaatcctlictgaagtcttccLgLcatgtagccactaacctgt.ggcLai:gaaatgatcagaaatgcc 

41 .aagtgagaicaatacttgtrtggaaaaaaaaccrcgggaaacaacccaagggccc'cgccgtwgttgtctcccttCCtcc 

42 . atttrtgtrtacttagtcctttagctagnggacttaattttgttgtgc-tgcttcattttgcaataacaatgcagcagaa 

43 . tccaaaacttggatgcttaagaggcctgcacaLagaLaagaattccacgcaaaacLacactratcgttaacaacagcccg 

44 . cccacaggctcttgtattctatgtaactgtgataaacaatgsaaacctagrrawat.tgagg-catcgttt:gtcggtgaag 

45 . tgtcagtcacagtattttcaaaagtctgcacacattgttctgtgraarrgLgcaagccacaattacagtgtrtaattccc 

4 6. ttttcccactacatcattcactgaaagtgaccactctaccatCCigaaaagacattLcgi:gccc^t.tcaccgcaaaataa 
47 .aaagaataaaaatttcaga 
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ACTAGTCATATAGCTGGCTCTITTACAAAAGGCTTCAACACCCCTCCCCC 

CACACTITAGTCATCCGTCATCTCTTCCICATCAGGAAATATTATGAGAA 

TTTTCCCATTTAAAATCACACAGGTTGTGAAMTTACAGAAACCAGGGTA 

C AGAATA TTTAAACCACTGTCAGTTACATCATCCAAAGGCCACCTATGCT 

TATITnGGTAATTTTAAACCTCAAAGGATCTCTTrGTGGGCTCCTCCACT 

ACCCTCCTCTCTTTCCCAGAGCCTCAGGTTATAACCAAAGGGATAGACTA 

AAGACMTCCAGTACCTTGCCCATTTTnTCATTCCTTGTCACTGTTTCCA 

TATAGCTCTTTTGAAATTATGAACATATAGTATCAGTTGAAAACGGAATG 

AATGATACTGCATTTCTGCAAAATTCCACAGGCTATAGGGTGGAAGATG 

AGCCATAGGTGGAGGAATCAGCCATATTAGAGAATCTGGGAAGGCAAG 

AGGTGTTGAAATTTTGATTCATCTACTMTTTACTGGCTCAGGATTrGTC 

AATCACTGCAGCCTGGCAAATGAGATTAGAGAAGAGTCCTGGGAGGGA 

AGGGGTGACGCAGCAACCTGCATACACTTAAAAAAAAAGAGCTGAGAG 

ACAACTGCGTAATCATACTGCGGCACCAGTTCCTCCATCCCTCCGCCCCC 

GAGTGGCTGGAGCAGCTGCTTGCGGAGGTCTGCCCACTGCGGCTCTCTG 

CAGTCTCTAGCCTGTTCCITCAGGGCCTAGAGTCTCCGCCCAGACAGCCG 

GTTTCAATTCTGCTATCCCAGCTTCAGCACCGTCTTTTATACTGCTTGCTG 

CCTGCCATCAGTGCAGCCGCCGCCGCCTCTTGGTTCATCTCTGCCAGATC 

ATCGCGCATCTGCTGTATTGGTGAGTCTTCCTGCGGAGGTCAGGTCTCCT 

GATCTGCGGGCTTAGCCACCATAAGTGCAGGCGATCGTTTGAAAACAAT 

GGCTGMTCAGTCGACCTCGAGGGGGGGCGTACCTTGCCCATTTnTTCA 

TTCCTTGTCACTGTITCCATATAGCTCTTTTGAAATTATGAACATATAGTA 

TCAGrTGAAAACGGAATGAATGATACTGCATTTCTGCAAAATTCCACAG 

GCTATAGGGTGGAAGATGAGCCATAGGTGGAGGAATCAGCCATATTAGA 

GAATCTGGGAAGGCAAGAGGTGTTGAAATTITGATTCATCTACTAATT^ 

CTGGCTCAGGATTTGTCAATCACTGCAGCCTGGCAAATGAGATTAGAGA 

AGAGTCCTGGGAGGGAAGGGGTGACGCAGCAACCTGCATACACTrAAA 

AAAAAAGAGCTGAGAGACAACTGCGTAATCATACTGCGGCACCAGTTCC 

TCCATCCCTCCGCCCCCGAGTGGCTGGAGCAGCTGCTTGCGGAGGTCTG 

CCCACTGCGGCTCTCTGCAGTCTCTAGCCTGTTCCTTCAGGGCCTAGAGT 

CTCCG CCCAGACAGCCGGnTCAATTCTGCTATCCCAGCTTCAGCACCGT 

CTnTATCCCCACTGCTTGCTGCCTGCCATCAGTGCAGCCGCCGCCGCCT 

CTTGGTTCATCTCTGCCAGATCATCGCGCATCTGCTGTATTGGTGAGTCT 

TCCTGCGGAGGTCAGGTCTCCTGATCTGCGGGCITAGCCACCATAAGTG 

CAGGCGATCGTTTGAAAACAATGGCTGAATCAGTCGAC 

[6£Q k> lOO'.i] 
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CGTACTrACATAATTCCAAGATCAGTGTTArnTTCTCAGGAGATGCACT 

TGAATCTCAGCAGGAGGGTGTAGITAGGGAAGTTAATGACGAAATATAT 

GACAAAATrATTTATGATGATTGGATGGCTGCAATTGAAGAGGTTAAAG 

CCTGTTGCAAAAATCTTGAGGCATTAGTAGAAGATATTGATCGTrAAAAC 

AGAGTAGATGCTTTTGAAACTAACTGCTCTACATGCAGTTACTGAAGACA 

TAAGCAGTTAATATTGTCTTGTGTTCTGCAi 11 11 1 CCTGTCATGCCAGTT 

TAAAAATTCAAATACTMTTAATCTGACCTTGCATTGTAGTGGTATGATG 

mTCAAGACATGTAGACTGTGATAAATGATTAAGACATTAATAGTCTGT 

AGTATAACCCITCTGMGTCCTTGTGCCATGTATCTAnAATCTGTGGCT 

GTGAATATTATTAGAAGTGCTAAATGAGATTATTTGTrTGCAAAGAAAAT 

ATTGGAAACCTACCTAAGAGTGCTTTGCTATrrTCCCCCTTATCCTCTTAG 

TGCTTTGGCCAATTGACTrTATTGTGCCTGCTTCATTTTGCAGTAAATATG 

CAGTAGAATTTAAAACTTGAATGCCTAAGAGGCCTGCATATGATTGAGA 

ATTTCAGGCAAAATCATATTTATTATTGATAACAGCTAGTGCAAGGCTTC 

TGATTGTATGTGACTGTGATAAATAATAAAACTCAATTGTATTGAAGTTA 

CTGTTTATCATXGACATGTGAGTrACAGTATrTrCAAATGTTGCAAATATT 

GTCCTGTGTAATTGTGTAAACTGTGATTACAGTGTACA1 1' HI 1 1CATAAT 

ATACTGAATCATTCATTGAMTGGACACTTTACCATTTCTGAAAATACAT 

TTCATATTCTGTTCATTCACTGAAAAATAAAATGAATAAAAATTT 
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RECEIVED 

SEP 0 3 IWi 

mx-s * * Tim a TECH CENTER 1600/2900 

BPJT human cDNA identical to genomic DNA ' 

TGTTAGAGAGCCTGGGAAGGTGAGcAGAGcTGAAAACTTGATAGATCTA ^ 

ATAATTTACTGGCTCTGGGTTTGTCAGTCACTACATTGCAGCAAATGAGA 

rTAGAGCATAGTTGTGGGAGGGAAGGAGGTGACGCAGCAATCTATTTGC 

ACCTAGAAATnTAGGCAAGTGATAGCTGCGTAATCATACTGCGGCACC 

GTTTTTTTCTTGCAGCAGTAGCTGCTTGCGGAGGAGGTCTGCCCACTGCA 

GCTCTCTGCAGTCTCCGGCTCTCTCCTGCAGGATCGGTCAACGCAGCCGT 

CGCCGCCCTCTGCACCCAGCCCAGGTCGCCACTGCTTCAGTCCGGTTCTC 

AAAGCCTCAGCACCATCTrrrATCCCCGAGCAGCCTGGATCGTCGUCCC 

TGAGTCCGGACGCCACTGCTAGGTCCGACCACCGCCGCTTCTGATATTTC 

GGTGAGTCnTTCCTGTGGAGGTTTGGTCTCCCGATCTCTGTGGTAGCCA 

CCTTAGGCGTGTACGGTCCTTTGAAAAATGGCCGAGTCAGAGAACCGCA 

AGGAGCTGTCAGAATCCAGTCAAGAAGAGGCTGGTAATCAGATAATGGT 

GGAAGGGCTCGGGGAACATCTGGAGCGCGGTGAAGATGCCGCTGCTGG 

GCTTGGAGACGATGGGAAGTGCGGTGAAGAAGCTGCCGCTGGGCTTGG 

GGAAGAAGGGGAAAACGGTGAAGATACTGCTGCTGGGTCCGGGGAAGA 

TGGGAAAAAAGGTGGCGATACTGATGAGGACTCAGAGGCAGACCGTCC 

AAAAGGACTTATC 

GGTTATGTTTTAGATACAGACTTrGTTGAAAGTCTACCTGTGAAAGTTAA 
GTACCGTGTGTTAGCCCTTAAAAAGCTTCAAACTAGAGCGGCCAATTTA 
GAATCCAAATTCCTGAGGGAATTTCATGACATtGAAAGAAAGTTTGCTG 
AAATGTACCAACCC3TACTGGAAAAAAGACGTCAGATCATCAATGCAAT 
CTATGAACCTACAGAAGAGGAATGTGAATATAAATCAGACTCTGAGGAC 
TGTGATGATGAGGAAATGTGTCATGAAGAGATGTATGGTAATGAGGAGG 
GTATGGTACATGAATATGTGGATGAGGACGATGGTTATGAGGACTATTA 

ttatgattatgctgtggaagaggaggaggaggaggaggaggaggacga 
cattgagg ctactg gagaagagaataaagaagaggaggatcctaaggg 

AATrCCTGATTTTTGGCTAACrrGTrrTAAAAAACGTTGATACACTCACTC 

CTrTGATTAAGAAATATGATGAGCCTATTCTGAAGCTCCTGACAGATATT 
AAAGTTAAGCTTTCAGATCC 
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FIG. 9 cont. 



T3 



$s TGGCGAGCCCCTCAGTTTCACACTAGAATTTCACTTCAAACCCAATGAAT 
ATTTCAAAAATGaGTTGTTGACAAAGACCTATGTGCTGAAGTCAAAGCTA 
GCATATTATGATCCCCATCCCTATAGGGGAACTGCGATTGAGTATTCCAC 
AGGCTGTGAGATAGATTGGAATGAAGGAAAGAATGTCACTrrGAAAACC 
ATCAAGAAGAAACAGAAACATCGGATCTGGGGAACAATCCGAACTGTAA 
CTGAAGATTrTCCCMGGATTCATTTTTCAAT^ 
TCACCTCAAATGGAAGGGATGGAMTGATGATTTTTTACTTGGTCACAAT 
TTACGTACTTACATAATTCCMGATCAGTArTATrnTCTCAGGTGATGCA 
CTGGAATCTCAGCAGGAGGGGGTAGTTAGAGAAGTTAATGATGCAATTT 
ATGACAAAATTATTTATGATAATTGGATGGCTGCAATTGAGGAAGTTAAA 
GCTTGTTGCAAAAACCTTGAGGCATTAGTAGAAGACATTGATCGTTAGA 
GCAGAGTATACATGGCCCTGAAATTAACTgCCCTAGATATAGTTACTCAA 
GGTATAAGAAgCCTTGTGTTCTGTATITrgCI^ 

ATATGraCAAAAATATAAGAAAAGTrCAAAMCTAATTAATTrGACCTT 
GAGTTTTAGTAGTAGAATGTnTCAAGAAATGTACACTGTGGTAAATGAT 
TTAAAACACTAGTATAGTGTTGTGTAGCTTAATCCTrCTGMGTCmTTG 
TCATGTAGCTATTAATCTGTGGCTATGAAATGATCAGAAATGCTAAGTGA 
GATCAATATrr GTTTGGAAAA AAMTCTTGGGAAACMCC'CAAGGGTTTT 
CGCTGTTGTTGTTTTTCTTnTCTATTT^ 
TGGATTTAATTTTGTTGTGCCTGCTTCATTTTGCAATAACAATG^ 
AATTTAAAACTTGGATGCTTAAGAGGCCTGCATATAGATAAGAATTTCAG 
GCAAAACTACATirATTGTTAATAACAGCTTGTTCATAGGCTCTTGTATrr 
TATGTAACTGTGATAAATAATGAAAACTTAGTTATATTGAGGTTATIGTT 
TGTCGGTGAAGTGTTAGTCACAGTATTTrCAAAAGTITGCACATATTGTT 
CTGTGTAATTGTGTAAGCCATMTrACAGTGTTTAATTCTCrnTCCTATT 
ACATCATTCATTGAAAGTGATCACTTrACCATTTTGAAAAGATATTTCGT 
GTTCTTTCACTGCAAAATAAAMGAATAAAAATTTCAGAGTGTCTCATGG 
AATTCC 
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ACTTAAAGGAAAAATrrATCTATAAACTGACAGAATTTAGAAATAAATA 

CAACAATATGTAAACAGTTTTAATATCTGTGATAGTAACAAATTCTTTAA 

ATCTGGAAAATAATAGTCACTrAAAATTTTAAAAAATTGTTCAATTAATA 

AATGATCCAAGTTAGAAATATGAACAAAATAAACCTCACCAATAATTAC 

TATAGAGAGGAAATnTAATTACTGCAAAGCTTTCCATCCTATAAATACA 

ITATCAAATAGTTTAACCATTrCTTTAATGCTGAGATTrAGATTATTTCCA 

ATTAACTCAAAAGCATCAAGCAAATGTTATGAnTCTAAGAATAAACATA 

ACTlTCCATTTrGGCTTTTGTATATATGTATATTTCTAACGGCTGTTAAAG 

CCAGCATTAAGAAGGAGAAGCAGAAAGTCAGTATTGGGACTGGGGTTAT 

TTATAAGCCAGGCAACTGGrrAATTGTGGTTAATTGTCTGGTATGTTTAC 

rAGTCACGTAGTTGTATACACCATACTAGTTnTCATCACAGGCCCTCAT 

irCGCCCCCACTGCCATCGGACTTCCTCCTCCTCCCCTCACAGGAAATGTT 

TCGAGAATrnTCAACCTAAAATCATATAGCrrGTGAAAAATACCGACAA 

ACATAATATAGAATATTTAAATAACTGACACGCCACCTAAAGACCATCA 

GTGCTAATTCCTGGTGTTTTTAATCTnGMGCGTITGriTATCAGCTCTT 

CCACCATCCACCTCTCCCCTCCCCAGGTCCCCGATCTAAAATCAAAGAG 

ATTGATrTAGGATGGGTGGGTGCCnGTCTrCTCTCATTGTTCGACATnT 

AGTTACGTnTCTCTGAGCTCTCTGGAAAGCATAAAAijTATAATATCTGT 

"AAAAGTTGGATGAATGAACTAATGAACGCAATGGGATTCCAGAAAACT 

CTGCGGGAGATGGGCTAGAGGACGAGGAGGAGGTGGATGAATCAGCCA 

TGTrAGAGAGCCTGGGAAGGTGAGCAGAGTTGAAAACTTGATAG 

ATCTAATAAnTACTGGCTCTGGGTTTGTCAGTCACTACATTGCAGCAAA 

TGAGATTAGAGCATAGTTGTGGGAGGGAAGGAGGTGACGCAGCAATCTA 

TTIGC ACCTA GAAATTTTAGGCAAGTGATAGCTGCGTAATCATACTGCGG 

C^CCGTTTTTTTCTTGCAGCAGTAGCTGCTTGCGGAGGAGGTCTGCCCAC 

TGCAGCTCTCTGCAGTCTCCGGCTCTCTCCTGCAGGATCGGTCAACGCAG 

CCGTCGCCGCCCTCTGCACCCAGCCCAGGTCGCCACTGCTTCAGTCCGGT 

TCTCAAAGCCTCAGCACCATCTnTATCCCCGAGCAGCCTGGATCGTCGT 

TCCCTCAGTCCGGACGCCACTGCTAGGTCCGACCACCGCCGCTTCTGATA 

TTrCGGTGAGTCTnTCCTGTGGAGGTTTGGTCTCCCGATCTCTGTGGTA 

GCCACCTTAGGCGTGTACGGTCCTTTGAAAA 




FIG. 10 
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IDENTIFICATION OF NEURAL DEFECTS 
ASSOCIATED WITH THE NUCLEOSOMAL 
ASSEMBLY PROTEIN 112 GENE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based on and claims the benefit 
of U.S. Provisional Application Ser. No. 60/202,111, filed 
May 5, 2000 (attorney docket no. 03495.6048) The entire 
disclosure of this application is relied upon and incorporated 
by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to the discovery of a link 
between defects in development of the central nervous 
system of a mammal and mutations in a gene, which result 
in a loss of biological function of protein encoded by the 
gene. Mutated forms of the gene, the RNA, and the protein 
it encodes are useful in diagnosis of predisposition to genetic 
defects. 

[0003] Neurulation is a complex process of histogenesis 
involving the precise temporal and spatial organization of 
gene expression. Amongst the molecular components nec- 
essary for neurulation are proneural genes determining pri- 
mary cell fate, neurogenic genes involved in the lateral 
inhibition pathway, and genes controlling the frequency of 
mitotic events 1 ' 2 . This underlying complexity is reflected in 
the aetiology and genetics of human neural tube defects 
(NTDs), which are of both multifactorial and multigenic 
origin 3 . Similar complexity is observed in mouse models of 
NTDs where genes affecting cell fate such as Sonic hedge- 
hog 4 and the Pax genes 5 , genes encoding cell adhesion 
molecules like cadherins 6 , and genes affecting neural cell 
division, such as p53 and Nfl 7 , have all been implicated in 
the process of neurulation. 

[0004] One family of genes, which has been implicated in 
y the control of mitotic events 8,9 , is the NAP-1 family. The 
v/ NAP-1 protein was first identified in Xenopus laevisjf 0 and 
homologous proteins subsequently isolated from droso- 
phila 11 , yeast 32 and man 0 . NAP-1 and NAP-1 like proteins 
have been shown to transfer nucleosome units to naked 
DNA 10 , to stimulate transcription factor binding to nucleo- 
somal DNA 13 , and to act as core histone shuttle implicated 
in the transport histones from the cytoplasm to the nucleus 14 . 
Control of mitotic events may depend on the role of NAP-1 
and NAP-1 like proteins in chromatin assembly and remod- 
eling or more directly through their binding to cyclins, 
which is mediated by a domain also found in the tumor 
associated SET proteins 15 . 

[0005] The recently isolated murine X-linked Napll2 
(Bpx) and its human homologue NAP1L2 (BPX) have a 
highly restricted pattern of expression, being expressed 
exclusively in the nervous system 16 . In this respect, 
NAP1L2 and the X-linked brain-specific NAP1L3 17 differ 
from the ubiquitously expressed NAP1L1 and NAP1L4 
genes. The limited expression pattern of these genes sug- 
gests a particular and specialized function, possibly through 
an effect on nucleosome assembly or cell cycle regulation, 
specific to neural function. 

[0006] Neural lube defects occur with a frequency of 
3.5/1000 births. There is a need in the art for the identifi- 



cation of genes associated with defects in development of 
the central nervous system. In particular, there is a need for 
diagnostic tests and biological materials to identify predis- 
position to developmental defects. 

SUMMARY OF THE INVENTION 

[0007] This invention aids in fulfilling these needs in the 
art. More particularly, this invention relates to the discovery 
of the role of Napll2 in mouse development. A targeted 
deletion of the X-linked Napll2 gene in male ES cells, 
which would be expected to lead to the complete absence of 
the NAP1L2 protein, was created. In close agreement with 
the first detectable signs of Napll2 expression at day E9.5, 
Ihe mutation resulted in embryonic lethality from mid- 
gestation onwards. Surviving embryos derived from ES 
ccll-morula aggregates exhibited neural tube closure defects, 
associated with a marked overproduction of neuronal tissue. 

[0008] This invention shows that Napll2 plays an essen- 
tial role in the development of the nervous system and 
suggests a putative role for it in the control of cell prolif- 
eration and differentiation processes. Aberrant cell cycle 
regulation and differentiation may, therefore, be one of the 
mechanisms underlying certain neural tube defects (NTDs). 
This invention also identifies the human NAP1L2 gene as a 
gene for certain X-linked and spontaneous forms of these 
disorders. 

[0009] One embodiment of this invention relates to a 
method for screening neural system defects in the mammal 
and especially in the human. The method comprises: (A) 
providing genomic material from the human; (B) detecting 
a modification of the NAP1L2 gene in the genomic material, 
wherein the modification is selected from a) substitution, b) 
deletion, c) frame-shift, d) insertion aberent or e) altered 
epigenetic control that causes a loss of biological function in 
the NAP1L2 gene; and (C) corre-lating the modification of 
the gene with a potential for a neural system defect. In a 
preferred embodiment, the modification in the NAP1L2 
gene is detected by hybridization with a labeled probe, such 
as a probe, of SEQ ID NO: 3 or a fragment thereof. The 
modification can be detected, for example, by (A) amplifi- 
cation of the genomic material using PCR; (B) sequencing 
the material to detect the modification of the nucleotide 
sequence; and (C) correlating the modification of the gene 
with a potential for neural system defects. The modification 
can be detected by quantification of the transcript using PCR 
or Northern Blot. 

[0010] In another embodiment, the invention provides a 
method for screening neural system defects in a human, this 
method comprises: (A) providing biological material from 
the human; (B) detecting the absence, inappropriate, or 
modified expression of NAP1L2 gene product using labeled 
antibodies to the gene product; and (C) correlating the 
absence, inappropriate, or modified expression with a poten- 
tial for neural system defects. The antibodies can be poly- 
clonal or monoclonal. 

[0011] The neural system defect can result from a failure 
of, or incomplete, neural tube closure, incomplete neural 
lube closure resulting in spina bifida, incomplete neural tube 
closure resulting in anencephaly, neural system defect relat- 
ing to an inappropriate proliferation of surface ectoderm- 
derived cells, neural defect resulting in a loss of brain 
structure, neural system defect resulting from disorganiza- 
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desired functions (for example, specificity of expression in 
the selected target animal or embryo). 

[0133] Absence of NAP1L2 protein (especially due to 
mutations of the corresponding genes or of their promoters) 
leads to overproduction of neural cells; expression of 
NAP1L2 or subfragments or derivatives in cells (neural/ 
tumors/others) can prevent further proliferation and then can 
be-used as a therapy. On the contrary, modification of 
( Napffl j)NAPlL2 expression (especially due to mutations of 
these genes or inefficiency of their promoters) leads to over 
production of neural cells and thereby allow regeneration or 
survival of neurons and therefore use as a therapy. 

[0134] The following plasmids were deposited at the Col- 
lection National de Cultures de Microorganismes 
(C.N.C.M.), of Institut Pasteur, 28 rue due Docteur Roux, 
F-75724 Paris, Cedex 15, France, and assigned the follow- 
ing Accession Nos.: 



P LAS MID 


DEPOSIT DATE 


ACCESSION NO. 


pCURl-2 


AprQ 25, 2000 


1-2463 


BPX-1 


April 25, 2000 


1-2464 


BPX-2 


AprU 25, 2000 


1-2465 


BPX-3 


April 25, 2000 


1-2466. 



[0135] Another aspect of the invention is an eukaryotic 
cell containing the insert contained in the plasmid BPX-1 or 
BPX-2 or BPX-3 or polynucleotides hybridizing under 
stringent conditions with the said insert. 

[0136] This invention will now be described in greater 
detail in the following Examples. 

EXAMPLE 1 

Expression Profile Analysis During Mouse 
Development 

[0137] In order to obtain a more precise overview of the 
profile of Napll2 expression, RNAin situ hybridization was 
performed using a Nap 112 specific oligonucleotide probe on 
sections of adult mouse brain and mouse embryos corre- 
sponding to days E5.5 through to E18.5 (FIG. 1). 

[0138] Napll2 expression was found throughout the ner- 
vous system, in structures belonging to both the central and 
peripheral nervous systems. Expression was first detectable 
at day E10.5, and correlates with the initial wave of neuronal 
differentiation (FIG. 1). Embryonic stages E10.5 through to 
E18.5 revealed that Napll2 expression, although predomi- 
nantly in the spinal cord, was also present throughout the 
brain and ganglia. In the adult brain, all regions were 
labeled, although variation in the intensity of the labeling 
suggested some heterogeneity in expression levels, Signals 
were particularly strong in the anterior olfactory nucleus, the 
hippocampus, the hypothalamus and the cerebellum. The 
strongest Napll2 signal was detected in the mammillary 
bodies (see Bregma -2.9, FIG. 1). 

[0139] Differentiated regions within the nervous system 
exhibited strong labeling, whereas ventricular zones did not 
show specific signals. No Napll2 transcripts could be 
detected in glial cells or in tissues other than the nervous 
system. Expression of Napll2 is likely to be restricted to 
post-mitotic neurons. 



EXAMPLE 2 

The Role of Nap 112 Defined by Deletion Analysis 
Targeted Deletion and Differentiation of ES Cells 
[0140] In order to establish the role of Napll2 we created 
a null mutation of the Napll2 gene in male ES cells, 
hemizygous for Napll2, by homologous recombination. In 
the knockout construct, the intronless Napll2 gene was 
partially deleted and replaced by a P-galactosidase reporter 
and neomycin resistance gene (FIG. 2). The resulting fusion 
protein has potential for Napll2 function, since it includes 
only five amino acids from the N-terminal end of NAP1L2, 
all the non-deleted C-terminal sequences being out of frame. 
Two targeted cell lines, 5bl7 and 8b21, in which the 
endogenous X-linked Napll2 gene had been replaced by 
homologous recombination, were obtained (FIG. 2). The 
absence of a Napll2 transcript in these ES clones was 
confirmed by RT-PCR, and the karyotype of the clones 
verified on mitotic spreads. 

[0141] As ES cells have the potential to differentiate into 
neurons in vitro, an investigation was made to determine 
whether the deletion of Napll2 affects the in vitro develop- 
ment of neurons. In vitro differentiation experiments are 
based on the formation of embryoid bodies in suspension 
culture. Re-attachment of the embryoid bodies after four 
days of culture leads to the formation of various types of 
differentiated cells. Formation of neurons can be induced by 
the addition of retinoic acid to the medium 18 . To visualize 
the specific cell types formed, antibodies directed against 
various neuronal marker proteins: nestin, which is present in 
precursor cells, (3-tubulin III in early neurons, NF200 in 
differentiated neurons, and GFAP in glial cells, were used. 

[0142] All three cell lines, the original ES cell line CK35 
and the two recombinant ES cell lines, 5bl7 and 8b21, were 
able to form neurons the presence of retinoic acid. In both 
the normal and mutant cell lies, nestin positive cells were 
observed two or three days after attachment of the embryoid 
bodies. Neurons together with glial cells usually appeared 
four to six days after embryoid body replating. The number 
of neurons developing was dependent on the concentration 
of retinoic acid used 19 . Whereas cultures without retinoic 
acid produced only a few neuronil cells, their number was 
substantially increased by adding 3xl0~ 3 M retinoic acid. 

[0143] In the absence of retinoic acid, the CK35 cell line 
produced as expected, only few neuronal cells. In contrast, 
the mutant cell lines produced large numbers of nestin 
positive neuronal cells increasing from about 50 cells per 
mm one day to 200 cells per mm 2 three days after re- 
attachment (FIGS. 3a, 6). Many of these nestin positive 
cells were lacZ positive (FIG. 3c). Pulse chase experiments 
using BrdU confirmed that these lacZ expressing cells 
represent a growing cell population (data not shown). 

[0144] These experiments show that the Nap 112 mutation 
affects the proliferation of neuronal precursor cells in vivo as 
well as in vitro. The dual effect of RAon both neuronal cell 
differentiation and Gl arrest of cell division 13 probably leads 
to the suppression of the proliferative effect of the Napll2 
mutation. 

EXAMPLE 3 
Pbenotypical Observation of Chimeras 
[0145] In order to examine more closely the effect of the 
Napll2 deletion on mouse development, changes in the 
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to eA& 



(SEQ ID NO. 6) 
Genomic sequence BPX human 



1 . acttaaaggaaaaatttatctataaactgacagaatttagaaataaatacaacaatatgtaaacagttttaatatctgtg 

2 . atagtaacaaattctttaaatctggaaaataatagtcacttaaaattttaaaaaattg-ttcaattaataaatgatccaag 

3 . ttagaaatatgaacaaaataaacctcaccaataattactatagagaggaaattttaattactgcaaagctttccatccta 

4 . taaatacattatcaaatagtttaaccatttctttaatgctgagatttagattatttccaattaactcaaaagcatcaagc 

5 . aaatgttatgatttctaagaataaacataactttccattttggcttttgtatatatgtatatttctaacggctgttaaag 

6 . ccagcattaagaaggagaagcagaaagtcagtattgggactggggttatttataagccaggcaactggttaattgtggtt 

7 . nottgtctggtatgtttactagtcacgtagttgtatacaccatactagtttttcatcacaggccctcattcgcccccact 

8 . gccatcggacttcctcctcctcccctcacaggaaatgtttcgagaatttttcaacctaaaatcatatagcttgtgaaaaa 

9 . taccgacaaacataatatagaatatttaaataactgacacgccacctaaagaccatcagtgctaattcctggtgttttta 

10 . atctttgaagcgtttgtttatcagctcttccaccatccacct^tcccctccccaggtccccgatctaaaatcaaagagat 

1 1 . tgatttaggfltgggtgggtgccttgtcttctctcattgttcgacattttagttacgttttct ctgagctct ctggaaagc 

12. ataaaagtataatatctgttaaaagttggatgaatgaactaatgaacgcaatgggattccagaaaactctgcgggagatg 

13. ggctagaggacgaggaggaggtggatgaatcagccatgttagagagcctgggaaggtgagcagagttgaaaacttgatag 

14 . atctaataatttactggctctgggtttgtcagtcactacattgcagcaaatgagattagagcatagttgtgggagggaag 

15 . gaggtgacgcagcaatctatttgcacctagaaattttaggcaagtgatagctgcgtaatcatactgcggcaccgtttttt 

16 . tcttgcagcagtagctgcttgcggaggaggtctgcccactgcagctctctgcagtctccggctctctcctgcaggatcgg 

17 . tcaacgcagccgtcgccgccc-tctgcacccagcccaggtcgccactgcttcagtccggttctcaaagcctcagcaccatc 

18 . ttttatccccgagcagcctggatcgtcgttccctcagtccggacgccactgctaggtccgaccaccgcc^cttctgatat 

19 . ttcggtgagtcttttcctgtggaggtttggtctcccgatctctgtggtagccaccttaggcgtgtacggtcctttgaaaa 

20 . ATGGCCGAGT CAG AG AACC GC AAGGAGCTGTC AG AATCC AGTC AAGAAGAGGCTGGTAAT CAGAT AATGGTGGAAGGGCT 

21 . CGGGGAAC AT CTGGAGC GC GGTGAAG ATGCCGCTGCTGGGCTTGG AG AC GATGGGAAGTGCGGTGAAGAAGCTGCCGCTG 

22 . GGCTTGGGGAAGAAGGGGAAAACGGTGAAGATACTGCTGCTGGGTCCGGGGAAGATGG^ 

23 . GAGGACTC AGAGGCAGACC GTCCAAAAGGACTT ATCGGT TATGTTTT AGATACAGACTTT GTTGAAAGTCTACCTGTG AA 



24 . AG TT AAGT ACCGTGTGTTAGCCC TT AAAAAGC TT CAAAC T AGAGC GGC C AAT TT AG AATC CAAAT TC CT G AGG G AATT TC 

25 . ATGACATTGAAAGAAA^TTTGCTGAAATGTACCAACCCTTACTGGAAA^ L 

6 

26 . CCTAGAGAAGAGGAATGTGAATATAAATCAGACTCTGAGGACT^GATGATGAGGAAATC 

27 . TAATGAGGAGGGTATGGTACATGAATATGTGGATGAGGACGATGGTTATGA6GACTATTATTATGATTATGCTGTGGAAG 

28 . AGGAGGAGGAGGAGGAGGAGG AGGAC GACATTGAGGCTACTGGAGAAGAGAATAAAGAAG AGGAGGATC CT AAGGGAATT 

29 . CCTG ATTTTTGGCT AACTCTTTT AAAAAAC GTTGAT ACACTCACT CCTTTGATTAAGAAATATGATG AGCCTATTCTGAA 
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-continued 

(SEQ ID HO. 6) 
Genomic sequence BPX human 

30 . GCTCCTGACAGATATTAAAGTTAAGCTTTCAGATCCTGGCGAGCCC 

31 . ATGAATATTTCAAAAATGaGTTGTTGACAAAGACCTATGTGCTGAAGTCAAAGCTAGCATATTATGATCCCCATCCCTAT 

32 . AGGGGAJVCTGCGATTGAGTATTCCACAGGCTGTGAGATAGATTGGAATGAAGGAAAGAATGTCACTTTGAAAACCATCAA 

33 . GAAGAAACAGAAACATCGGATCTGGGGAACAATCCGAACTGTAACTGAAGATTTTC 

34 . TCTCTCCTCATGGAATCACCTCAAATGGAAGGGATGGAAATGAT 

35 . ATTCCAAGATCAGTATTATTTTTCTCAGGTGATGCACTGGAATCTCAGCAGGAGGGGGTAGTTAGAGAAGTTAATGATGC 
36 . AATTT ATGACAAAATT AT TT ATGAT AATTGGATGGCTGCAATTGAGGAA^rTAAAGC TT GTTGCAAAAACCTTGAGGCAT 

37 . TAGTAGAAGACATTGATCGT'TAGAGCagagtatacatggccctgaaattaactgcoctagatatttgttactcaog/tota *^ 
3B.agaagccttgtgttctgtattttgctttgtagtgttogttaaaacatatgtttcaaaaatataagaaaagttcaaaaact 
39 . aattaatttgaccttgagttttagtagtagaatgttttcaagaaatgtacactgtggtaaatgatttaaaacactagtat 
40 .agtgttgtgtagcttaatccttctgaagtctttttgtcatgtagctattaatctgtggctatgaaatgatcagaaatgct 

4 1 . aagtgagatcaatatttgtttggaaaaaaaatcttgggaaacaacceaagggttttcgctgttgttgtttttctttttct 

42 . atttttgtttacttagtcctttagctagtggatttaattttgttgtgcctgcttcattttgcaataacaatgcagtagaa 

43 . tttaaaacttggatgcttaagaggcctgcatatagataagaatttcaggceaaactacatttattgttaataacagcttg 
44 . ttcataggctcttgtettttatgtaactgtgataaataatgaaaacttagttatattgaggttattgtttgtcggtgaag 

45. tgttagtcacagtattttcaaaagtttgcacatattgttctgtgtaattgtgtaagccataattacagtgtttaattctc 

46 . ttttcctattacatcattcattgaaagtgatcactttaccattttgaaaagatatttcgtgttctttcactgcaaaataa 

47 . aaagaataaaaatttcaga 



What is claimed is: 

1. A method for screening neural system defects in a 
mammal, said method comprising: 

(A) providing chromosomal material from said human; 

(B) detecting a modification of the NAP1L2 gene in the 
chromosomal material, wherein said modification is 
selected from a) substitution, b) deletion, c) frame- 
shift, d) insertion abcrent or c) altered epigenetic con- 
trol; that causes a loss of biological function in the 
NAP1L2 gene; and 

(C) correlating the modification of said gene with a 
potential for a neural system defect. 

2. A method according to claim 1 where the said screening 
of neural system defects concerns a human being. 

3. The method of claim 1, wherein said modification in the 
NAP1L2 gene is detected by hybridization with a labeled 
probe. 

4. The method of claim 3, wherein said probe is a 
oligonucleotide probe of SEO ID NO:3. 

5. A method of claim 1, wherein said modification is 
detected by 

(A) amplification of the chromosomal material using 
PCR; 

(B) sequencing said material to detect the modification of 
the nucleotide sequence; and 



(C) correlating the modification of said gene with a 
potential for neural system defects. 

6. A method for screening neural system defects in a 
human, said method comprising: 

(A) providing biological material from said human; 

(B) detecting the absence, inappropriate, or modified 
expression of NAP1L2 gene product using labeled 
antibodies to said gene product; and 

(C) correlating said absence, inappropriate, or modified 
expression with a potential for neural system defects. 

7. The method of claim 5, wherein the said antibodies are 
polyclonal. 

8. The method of claim 5, wherein the said antibodies are 
monoclonal. 

9. A method of any one of claims 1 to 8, wherein the 
neural system defect results from a failure of or incomplete 
neural tube closure. 

10. A method of claim 9, wherein said incomplete neural 
tube closure results in spina bifida. 

11. The method of any one of claims 1 to 8, wherein the 
neural system defect results from inappropriate control of 
nucleosome activity in neurons. 

12. The method of any one of claims 1 to 8, wherein the 
neural system defect results from inappropriate control of 
the cell cycle in neurons. 

13. The method of any one of claims 1 to 7, wherein the 
neural system defect results from inappropriate differentia- 
tion of neurons. 
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41. Aplasmid consisting in the deposit made at C.N.C.M. 
under the Accession Number 1-2463. 

42. A plasmid consisting in the deposit made at C.N.C.M. 
under the Accession Number 1-2464. 

43. Aplasmid consisting in the deposit made at C.N.C.M. 
under the Accession Number 1-2465. 

44. Aplasmid consisting in the deposit made at C.N.C.M. 
under the Accession Number 1-2466. 

45. A polynucleotide containing the sequence SEQ ID 

46. The polynucleotide of claim 24, wherein said poly- 
nucleotide further comprises an heterologous amino acid 
sequence coding for an heterologous polypeptide under the 
control of NAP1L2 promoter. 

47. A vector containing the polynucleotide of claim 46. 

48. A neural cell containing the polynucleotide of claim 
46. 



49. A process for targeted expression of a polypeptide in 
a neural cell wherein said neural cell is a cell according to 
claim 48. 

50. The polynucleotide of claim 32, wherein said poly- 
nucleotide further comprises an heterologous amino acid 
sequence coding for an heterologous polypeptide under the 
control of Napll2 promoter 

51. A vector containing the polynucleotide of claim 50. 

52. A neural cell containing the polynucleotide of claim 
50. 

53. A process for the targeted expression of a polypeptide 
in a neural cell wherein said neural cell is a cell according 
to claim 52. 

***** 



